INTRODUCTION {#sec1-1}
============

Association of periodontal infection with organ systems such as cardiovascular system, endocrine system, reproductive system, and respiratory system makes periodontal infection a complex multiphase disease.\[[@ref1]\] Dental plaque is considered to be the key factor associated with both dental caries and gingival inflammation. The latter, if untreated may extend beyond the gingival margin and progress to periodontitis. This may ultimately lead to the loss of teeth. Approaches to control dental plaque center on mechanical removal by tooth cleaning or by the use of chemicals, which prevent or reduce bacterial multiplication.\[[@ref2]\] Self-performed mechanical plaque removal is one of the most accepted methods of controlling plaque and gingivitis.\[[@ref3]\] The fact that most people experience difficulty in maintaining adequate levels of plaque control, particularly at interproximal sites, necessitates the use of chemicals for control of plaque as an adjunct to mechanical plaque control procedures.\[[@ref4]\] There has been a search for years for chemical agents that could supplant patient-dependent mechanical plaque control and thus reduce or prevent oral disease.\[[@ref5]\]

A wide range of toothpastes are commercially available and recently interest in natural products has increased. A number of controlled clinical trials have demonstrated that tooth brushing with herbal dentifrices reduces supragingival plaque and gingivitis.\[[@ref2][@ref3][@ref6]\] As a result, a number of these agents have been incorporated into toothpastes and mouth rinses. Meswak is one such scientifically formulated herbal toothpaste with pure extract of the Miswak plant "Salvadore Persica," which has been used for centuries.\[[@ref7]\] Recently, several studies have reported the antibacterial effects of Miswak (chewing sticks) on cariogenic bacteria and periodontal pathogens, and inhibitory action on dental plaque formation.\[[@ref8][@ref9][@ref10]\]

More recently, another active agent Propolis has been used for treating different diseases and inflammatory conditions as both local and systemic applications.\[[@ref11]\] Propolis is available in the world markets in different forms as capsules, lozenges, tincture, and cream and recently added to the list are mouth rinses and toothpastes. Based on literature reports showing that propolis resin is a product with anti-inflammatory and bactericidal activity, several *in vitro* and some *in vivo* studies\[[@ref12][@ref13][@ref14]\] have been conducted in America, Australia, United Kingdom, and Europe and especially in Eastern Europe.\[[@ref15][@ref16][@ref17][@ref18]\] Only a few studies have been conducted to assess the effects of propolis on oral health. Owing to this dearth of literature, the present study has been undertaken with an objective to assess and compare the efficacy of herbal dentifrice containing Propolis with Miswak and Colgate total toothpaste in controlling plaque formation.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design, study area, and study population {#sec2-1}
----------------------------------------------

A double-blind, randomized, crossover study was conducted at Pacific Dental College and Hospital, Udaipur city, Rajasthan state, India among 18-22 years old dental students.

Inclusion criteria {#sec2-2}
------------------

Dental students aged 18-22 years who volunteered to participate.Those with a minimum of 24 natural teeth.Subjects who agreed to discontinue oral hygiene measures for 24 h after the initial appointment.

Exclusion criteria {#sec2-3}
------------------

Those currently using any mouthwash,Those on antibiotic therapy within the last 2 weeks,Those having a history of hypersensitivity to any product used in the present study,Those with a recent tooth extraction,Those having periodontal disease,Those with extensive untreated dental caries, diseases of hard and soft palate, subjects wearing orthodontic appliances or presenting with abnormal salivary flow,Subjects suffering from immune compromised states such as diabetes, AIDS, hepatitis, etc.

Sample selection {#sec2-4}
----------------

A convenient sample of 30 dental students comprising of both males and females was selected.

Ethical clearance and official permission {#sec2-5}
-----------------------------------------

The present study was conducted in accordance to Declaration of Helsinki. Ethical clearance was obtained from the Ethical Review Board of the Pacific Dental College and Hospital (No. PDCH/13/000234). An official permission was obtained from the principal of Pacific Dental College and Hospital, Udaipur.

Informed consent {#sec2-6}
----------------

After explaining the purpose and detailed procedure of the study, a written informed consent was obtained from all the subjects, prior to the beginning of the study.

Training and calibration {#sec2-7}
------------------------

All the examinations were carried out by a single examiner. Before the commencement of the study, the examiner was standardized and calibrated for Modified Gingival Marginal Plaque-Index (MGMPI) in the Department of Public Health Dentistry by a senior faculty member to ensure uniform interpretations, understandings, and application of the codes and criteria to be observed and recorded and to ensure consistent examination. The examiner first practiced the index on a group of 10 subjects. Then the examiner applied the criteria by examining a group of 10 subjects, twice on successive days. The intra examiner reliability was assessed using Kappa statistics, which was found to be 90%.

Materials used in the study {#sec2-8}
---------------------------

Forever Bright Toothgel (containing Propolis) (forever living products)Colgate Total (Colgate-Palmolive Company India Ltd.)Colgate Great Regular (Colgate-Palmolive Company India Ltd.)Meswak Toothpaste (Dabur India Ltd.)Disclosing agent (The Bombay Burmah Trading Corporation India, Ltd.)

Methodology {#sec2-9}
-----------

Before starting the study, oral prophylaxis was performed. All subjects were given a washout product, Colgate Regular Flavour toothpaste and a Colgate soft manual toothbrush, with the instructions to use only these products and to brush twice daily for the washout period (1-week). After the washout period was complete subjects reported to the Department of Public Health Dentistry and were randomly allocated to three groups of 10 participants each. Each group was randomly assigned to one of the three toothpastes (1 - Forever Bright Toothgel, 2 - Colgate Total, 3 - Meswak toothpaste). Randomization was performed using lottery method. Then they were made to brush with Colgate Regular Toothpaste for 1-min followed by 1-min brushing with assigned test product. All products were blinded to both the subject and the examiner by way of an over-wrap. After this, all teeth were disclosed with disclosing agent. The Xu and Barnes probe\[[@ref19]\] was gently placed along the margin of the gingiva, and the baseline MGMPI plaque scores were recorded. Subjects were then refrained from oral hygiene for 24 h, and were recalled to be re-disclosed and re-measured for plaque formation.

The above-mentioned procedure was repeated after a washout period (2 weeks) in accordance with the crossover design, so that all three products could be tested on each subject. To ensure allocation concealment, the allocation methods were not revealed to the examiner. A statistician was not directly involved in recruiting patient generated the randomization sequence. Recruitment and assignment of patients to their groups was carried out by the trial coordinator.

Statistical analysis {#sec2-10}
--------------------

Data were analyzed using SPSS version 19 software (SPSS Inc., Chicago, IL, USA). The data were found to be nonnormally distributed using Kolmogorov-Smirnov test. Kruskal-Wallis test was used for the comparison of the three toothpastes (Forever Bright Toothgel, Conventional Colgate toothpaste, Miswak toothpaste). Wilcoxon signed rank test was used for pair-wise intra (within) group of toothpastes. Confidence level and level of significance were set at 95% and 5%, respectively.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the distribution of 30 subjects 15 males and 15 females with mean age of 19.9 ± 1.4 years.

###### 

Distribution of study subjects
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[Table 2](#T2){ref-type="table"} revealed that there was no significant difference in the mean MGMPI scores between the three groups (Propolis, Miswak, Colgate) at baseline. But when they were compared after 24 h significantly (*P* = 0.01) highest mean MGMPI score was observed in Miswak group (45.5 ± 5.0) followed by Colgate (37.4 ± 2.2). Propolis showed significantly least mean MGMPI score (35.8 ± 2.3) after 24 h. On comparing the mean difference (baseline and 24 h) of the three groups, significantly (*P* = 0.01) lowest mean difference was elicited by Propolis group.

###### 

Comparative assessment of the mean MGMPI scores at baseline and 24 h and their differences for each of three toothpastes
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[Table 3](#T3){ref-type="table"} intragroup comparisons depicted significantly lower mean MGMPI scores among Propolis group than Colgate group and Miswak groups. Colgate group had significantly lower scores than Miswak group.

###### 

MGMPI plaque scores intragroup comparisons
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DISCUSSION {#sec1-4}
==========

The present study was conducted among 30 dental students of Udaipur to assess and compare the efficacy of herbal dentifrice containing Propolis with Miswak and Colgate Total toothpaste in controlling plaque formation.

Propolis is the generic name for the resinous product of complex composition collected by honeybees from various plant sources. Chemical analyses revealed that propolis contains more than 300 constituents among them phenolic compounds, including flavonoids as major components.\[[@ref20]\] Plant based antimicrobials have enormous therapeutic potential as they can serve the purpose with lesser side effects that are often associated with synthetic antimicrobials.\[[@ref21]\]

In the present study, no significant difference was observed in baseline MGMPI scores between the groups which may be accounted to the oral prophylaxis which was performed before the commencement of the study. Calculus with its rough surface promotes plaque formation at a faster rate than a smooth calculus-free surface. The increased rate may result in inaccurate data and incorrect conclusion in studies. By performing the oral prophylaxis several days prior to the plaque scoring, all calculus was removed, and while the insufficient time for calculus re-growth exists, sufficient time for plaque formation does exist.

In this study, 24 h plaque formation was assessed using the MGMPI. Our results amending for the assessment of antiplaque activity showed a significant difference at 24 h after use depicting Propilis to the most effective compared to Colgate Total and Meswak. Koo *et al.*\[[@ref22]\] evaluated the effect of propolis mouth rinse on dental plaque accumulation and found it to be effective against plaque build up. In another study, Hidaka *et al.*\[[@ref23]\] showed that Propolis reduced the rate of amorphous calcium phosphate transformation into hydroxyapatite and concluded that it had a potential as an anticalculus and antiplaque agent in toothpastes and mouthwashes. Ikeno *et al.*\[[@ref24]\] and Hayacibara *et al.*\[[@ref25]\] found that the insoluble glycan synthesis and glucosyltransferase activity were inhibited by the multiple action of Propolis. This could be because of the high content of phenolic compounds, including flavonoids and dramatic compounds such as caffeic acids.\[[@ref26]\] Flavonoids are well-known plant compounds which have antibacterial, antifungal, antiviral, antioxidant and anti-inflammatory proprieties.\[[@ref20]\] Seidel *et al.*\[[@ref27]\] Velazquez *et al.*\[[@ref28]\] Orsi *et al.*\[[@ref29]\] concluded that propolis was found to be very effective against Gram-positive and Gram-negative bacteria this reduction in the bacterial count could also be accounted for the reason of decline in the plaque score, as plaque consists of colonies of microorganisms.

The crossover study design employed in the present study reduced the between patient variability, because the comparison of treatment was made on the same patient that is, all the participants acted as their own control and less sample was required. As this was a double blind study, the participant\'s and the investigator were not aware of the treatment allocation. Furthermore, measuring the curved surface of the gingiva with a straight probe was found to be difficult, therefore, a periodontal probe was curved and contoured to reflect the curvature of the gingival margins.\[[@ref27]\] A few limitations of the study may be pointed out. First is that the subjects were dental students and were more likely to maintain a better oral hygiene compared to the general population. MGMPI employed in the study used a 24 h plaque assessment model which could have been a drawback. Ozan *et al.*\[[@ref30]\] and Murray *et al.*\[[@ref31]\] used propolis mouth rinse and found it to be less effective on antiplaque activity. Hence, long-term clinical studies in large number of the patient population should be undertaken to evaluate the usefulness of this natural products. The actual mechanism involved behind the antimicrobial activity of propolis extracts needs to be researched. Research on microbial biofilms is proceedings on many dimensions, with specific focus on elucidation of the genes specifically expressed by biofilm-associated organisms, assessment of different control approaches for either preventing or remediating biofilm colonization of medical devices, and development of new methods for evaluating the efficacy of these treatments.\[[@ref32]\]

CONCLUSION {#sec1-5}
==========

Propolis is the most effective in reducing plaque from baseline to 24 h followed by Colgate total and Miswak toothpaste. Furthermore, long-term studies with the use of more objective measures of plaque alongside a conventional subjective index to support the findings of the present study are warranted.
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